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Introduction 

health complaints associated with poor Indoor 
air quality have been reported with increasing 
frequency among office workers over the past 10 
years. A number of factors have contributed to this 
trend. Including changes fn building design to 
increase energy efficiency. introduction of new 
building materials, and increased awareness 
among;workers of potentially toxic exposures In 
their work and home environments. While some 
exposures In the Indoor environment may have 
serious Implications for the health of the occu¬ 
pants {e.g . radon daughters, asbestos, formal¬ 
dehyde. pathogenic microorganisms, allergens), 
the health risks of most indoor air exposures are 
poorly understood., Nevertheless, office workers 
who are concerned about a possible problem in 
their work environment often demand a thorough 
investigation of the environ mentand of its poten¬ 
tial for healthi risks. Tor the investigator, this Is 
commonly a challenging but frustrating experi¬ 
ence because of the lack of guidelines and evalu¬ 
ation criteria for the '‘non-industrial'' setting, 

The health complaints reported by the occu¬ 
pants of the typical “problem building" are usually 
diverse and non-specific, and rarely point to an 
obvious cause. Also, the nature of 1 the problem 
maybe obscured by reports of a variety of serious, 
but unrelated! medical conditions associated with 
the office environment 

Appropriate environmental sampling is often 
quite difficult because of the presence of low levels 
of many ubiquitous substances. Specific contam¬ 
inants from sources in the office can be readily 
measured and quantitated (e.g:. ozone from copy¬ 
ing machines). but more often very low levels of a- 
variety of chemicals are detected. Such sampling 
results may in one sense be reassuring, but they 
have limited usefulness when linked with non¬ 
specific symptoms. These Investigations a re often 
complicated by extensive media coverage, multit 
pie earlier investigations by other groups, and 
deteriorating labor relations.The“federal expert'* 
often comes into the picture when, despite much 


basic work having been done, the situation has 
reached a “crisis." 

This paper will briefly present and review the 
Indoor air quality' Investigations conducted by the 
National Institute for Occupational Safety' and 
Health (NIOSH) since the start of the Health 
Hazard Evaluation Program. These investigations 
are being presented not as “THE WAY" to evaluate 
such problems, but. rather, to review our experi¬ 
ence and share our Insights as we have evolved 
our approach to these investigations. 

Indoor air quality health hazard 
evaluations 

Through December 19B3.NIOSH has completed 
205 Health Hazard Evaluations Involving indoor 
air quality' (1AQ) In a variety of settings (Table I}. 
(This does not include our Investigations of as¬ 
bestos-related problems in office buildings.) Prior 
to 1978. only six LAQ evaluations were performed; 
however, slbce then, the number has Increased 
dramatically. It appears that in the last 2 years, the 
number of these completed! investigations has 
leveled off. but this change mayrefiect our handling 
of many IAQ inquiries by providing written ma¬ 
terials and phone consultation, and by the In¬ 
creased capability’ of state and local health de- 
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partments and other groups to handle these 
evaluations without out assistance. 

Most of our evaluations have Involved govern* 
mentand private offices (over 75% (see Table Ilj), 
educational Institutions (14.8%L and health care 
facilities (9-5%). Given our mandate to evaluate 
occupational health problems. It is not surprising 
that niOSM has not inv»cstigatcd very many resi¬ 
de ntiaIf IAQ problems. Thus, we do not have much 
experience In evaluating problems which are prin¬ 
cipally encountered In residential buildings such 
as exposures to radon daughters or to combustion 
products. 

In reviewing the reports on these evaluations, 
we have attempted to classify our findings by the 
type of problem found (Table U!!}. It Is Df note that 
nearly half of these investigations have attributed 
the IAQ problems to inadequate ventilation. Some 
form of envir onm en tal con tam ination was thought 
to be the source of the problem in approximately 
50%. The source of this contamination was thought 
to be from Inside the building In 17.7% of the 
Investigations, outside the building in 105%, and 
from the building structure in 3.4%. Problems 
*uch as hypersensitivity pneumonitis, cigarette 
Smoking humidity:, etc. have accounted for ap¬ 
proximately, 10% of our evaluations, finally, in 
another 10%, the etiology of the IAQ problem has 
remained unexplained. 

In reviewing these results, several factors should) 
be considered, first, over time. MIOSM has not used 
a standard' protocol for conducting these evalu¬ 
ations. Our methods and criteria have changed as 
we became more familiar with the problem and 
developed new approaches. Also, some of these 
Inves ti g a ti on s we re conducted several I years ag o. 
leaving only scanty data and a brief report for 
current review. In the early studies, many of the 
"unknown" problems may have actually beers due 
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Completed NIOSH Indoor Air Quality 
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Number 
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Conuminition (tnude) 

36 

17,7 

Contamination (outndcT 

2.1 

T'OjJ 

Conti miration (buildlnj Fabnc) 
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3 4 

Inadequate ventilation 

9ft 

46 3 

H yiperMMiii* i vi ty p n e u monitil 
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C>s*irrtite imoWinj 

4 

20 

Humidity 

9 

4 4 

NotnUitlu miration 

2 

1.0 

Scabies 

1 

0.3 

Unknown 

19 

9 4 

Totlfl: 

203 < 



to Inadequate ventilation, but the reports did not 
provide enough Information to determine this. 
Thus, there may be considerable mlsdasslfication 
in this list 

This listing Is also not necessarily representative 
of the general distribution of Indoor air quality 
problems in offices. Often. WOSM is requested to 
conduct an evaluation onJyafter initial attempts t£> 
Identify' the problem have failed! or complaints 
have persisted after Initial corrections have been 
made. Large public-sector agencies use MI05ri as 
a resource, but managers of smaller offices or 
office buildings may be unaware of our program! 
Therefore, these facilities may be underrepre¬ 
sented on our list Despite these shortcomings, 
the list does provide an overview of the types of 
indoor air quality problems encountered in office 
environments.,A brief review of the major types of 
IAQ problems follows. 

Contamination from inside the office 
enolronmcnl 

This classifies ti on (a p proxJ mately 18 %) refers to 
exposure to a chemical or other toxic agent 
generated within the office space. Usually the 
symptoms experienced by the office worker are 
dlrectJy linked to the exposure, but If the exposure 
Is disseminated through the building's ventilation 
system, localization of the source may be difficult 
Examples from Health Maaard Evaluations Include 
exposures to methyl alcohol! from spirit dupli¬ 
cators, 0 ’ exposures to methacrylate from coolers.*"' 
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and exposures to sulfur dioxide from a heating 
sptem 0 'Occasionally, a very specific health effect 
can aid in the Investigation, such as the occur¬ 
rence of dermatitis from amines used in humidifi¬ 
cation systems u 5, The use of pest control agents, 
such as cftlardfene. may also cause persistent 
problems In office environments/ 4,1 

These problems can usually be Identified by 
inspecting the affected office area (e.g.. copying 
machines) and by questioning about other uses of 
chemicals in the building (e.g.. pesticides, humid¬ 
ification agents), Environmental and medical test* 
Jng appropriate for that chemical can then 1 be 
conducted. 

Contamination from outside the building 

This classification (approximately 10%) refers 
to exposure to a chemical or other toxic substance 
originating from a source outside the building. 
Common examples Include motor vehicle exhaust 
either from a parking garage or loading dock 
entering the building through the Intake from the 
ventilation system.' 15 ' Many of these exposures are 
‘'presumed" explanations that cannot be docu¬ 
mented at the time of the investigation. Although 
the dispersal of substances through the ventilation 
system may seem obvious, the complexity of the 
system may require the use of more sophisticated 
techniques such as a tracer gas to document the 
problem/*'' Other outside sources Include nearby 
construed on a ctivi ty wh ich m ay ge n er ate su five lent 
exhaust fumes, dust, or other contaminants to 
cause:complaints In nearby offices/ 10 * 

A few years agp. HI OSH evaluated a dramatic 
case of outside contamination of an office build¬ 
ing when we discovered a 6-mIllion-galIon unden- 
ground gasoline spill while Investigating irritative 
symptoms among the office occupants/" ) While 
this may be viewed as unusual, there Is concern 
about the Increasing number of underground 
gasoline tank leaks., 

Contamination from the building fabric 

Contamination from the building, fabric (ap¬ 
proximately 3% of our evaluations) refers to prob¬ 
lems from the material used to construct the 
building. While not Included In our list of evalu¬ 
ations, asbestos Is obviously a major source of 
concern about Indoor air quality. Other Insulating 
materialsarc a common source of these problems 
because of the relfcase of substances such as 


formaldehyde/ 131 Dermatitis due to fibrous glass 
has also been a common problem, usually after 
the fibrous glass insulation has been disturbed 
during some construction:activity/ 131 

tly perse ns it iuity pne u m o n \i t is 

This group (approximately 3% of our evalua¬ 
tions) refers to problems due to a hypersensitivity 
reaction to microorganisms In the building en¬ 
vironment Although nota common cause of office 
problems, the potential medical severity of this 
condition and the difficulties In controlling this 
problem make It an important cause of office 
problems. MIDStts evaluations regarding this 
problem will be discussed later In this volume. 

inadequate ventilation 

By far the largest classification, this group makes 
up approximately one-half of our completed eval¬ 
uations. Our determination of Inadequate ventila¬ 
tion Is commonly made after considering a num¬ 
ber of factors. Including the absence of: other 
sources of contamination and 1 the presence of 
only very low levels of contaminants In our en¬ 
vironmental sampling results. These. linked to the 
widespread occurrence of non-specific symptoms 
such a:s headaches., eye Irritation, and upper 
respiratory irritation, suggest that an evaluation of 
the ventilation system may be warranted. 

The evaluation of ventilation systems will be 
discussed later. Our methods range from obtain¬ 
ing specifications on the building ventilation sys¬ 
tem to detailed air flow, measurements. Both 
approaches can 1 present 1 difficulties. Information 
on the specifications of the ventilation system,Is 
often not readily available from the building op¬ 
erators. Buildings with, renovated ventilation sys^ 
tem are often very difficult to evaluate because of 
the piecemeal approach used In such renovation. 
The ASMRAE guidelines for ventilation aire usually 
used for comparison/ 141 While one can question 
the basis for these guidelines, we have found them 
useful Im evaluating IAQ problems and for rec¬ 
ommending corrections where there Is a problem 
because of Inadequate ventilation. 

The pathogenesis of complaints or symptoms 
caused by inadequate ventilation Is not clear, but 
certain extreme situations have provided us with 
some Insight into the relationship between such 
complaints and Inadequate ventilation. In 1,962, 
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we conducted an evaluation at a govemment office 
building in- Idaho with widespread complaints 
among the employees. Despite environmental 
surveys showing no significant comtamlnant levels, 
the employees were moved to another building. 
Cur Investigators found that the air Intake for the 
building had been covered with,plastic one year 
earlier, to protect the afr handling system, from 
airborne debris from Mount SL Helens, and that 
this cover had never been removed. Removal 
restored Intake of adequate outdoor air to the 
bull d I ng and al! owe d re ooc upa n cy with out slgnlf- 
leant problems.' 35, “ However, in this situation, no 
environmental measurement indicated that there 
was a problem. In general, we hove not found any 
environmental measurement to be useful as an 
Indicator of poor ventilation. However, it should be 
noted that other investigators have, found carbon 
dioxide levels useful for such evaluations.' 16 - 1 "' Low 
levels of multiple contamina nts a rc often present 
In these situations and are currently the best 
explanation for the occurrence of symptom 5 . The 
partem; of contaminants probably varies from 
building to building, but we do not yet have 
adequate measurement techniques or adequate 
knowledge to easily recognize this problem 
through environ men tat sampling. 


Current evaluation methods 

Our current approach to evaluating office en¬ 
vironment requests usually begins with a walk¬ 
through evaluation by an industrial hygienist- Prior 
to this, we Cry* to obtain background information 
on the history of the building design or construc¬ 
tion and try to ensure that the building engineer 
will be present during the investigation. During the 
Initial visit we obtain a history ofl complaints 
among office occupants by interviewing as many 
as Is feasible.This is helpful not only for identifying 
the type of medical complaints, but also for ob¬ 
taining a chronology of the problem and ascer¬ 
taining the time pattern of symptoms (afternoon 
more than morning, etc). 

Potential sources of contamination are Identi¬ 
fied during the Initial walk-through evaluation. 
Some will be obvious (eg., copying machines), 
while others may be identified only 1 after careful 
questioning (e.g.. pesticide spraying). We also 
usually Inspect the ventilation system for the par¬ 
ticular office area and attempt to understand Its 


connection to the system for the entire building, 
Information, on the control of the ventilation 
system (outdoor air Intake relative to temperature, 
etc.) is also obtained. Some environmental samp¬ 
ling may be conducted Ifa source ofcontamination 
Is found or suspected. Some general air monitor¬ 
ing (e.g.. organics) may also be conducted, but this 
Is usually more helpful to reassure the occupants 
that the toxic substances of concern to them arc 
not present in any degree than Il ls for Identifica¬ 
tion of a problem. 

The problem maybe resolved during this Initial 
vfsiti but. In some Instances, more extensive en¬ 
vironmental sampling, a medical study, a ventila¬ 
tion assessment or some combination of these 
may be required. These may be necessary' either 
to better identify the source and extent of the 
problem or to alleviate the concerns of the affected 
employees. Once our investigations are complete, 
our findings and recommendations are communi¬ 
cated to the involved parties. 

Future activities In indoor air quality 

More research Into office ventilation and Its 
effect on background levels of contaminants is 
necessary to provide better guidelines for evalu¬ 
ating and controlling Indoor air quality problems. 
Because of the nature of these exposures.a variety 
of governmental agencies and private groups are 
Involved In this research effort Recently, the En¬ 
vironmental Protection Agency, the Consumer 
Product Safety Commission, the Department of 
Energy', the Department of Health and Human 
Services, the Tennessee Valley, Authority', and sev- 
eral other federal agencies formed a coordinating 
committee on indoor air quality' research. This 
committee wild help to 1 coordinate Tederal gov¬ 
ernment Indoor air quality research. Already, an 
Inventory of lAQ-related research in the Pedcral 
government has been prepared. These agencies 
are also coordinating the planning of a possible 
large national survey of Indoor air pollution and 
related health problems. 

While much of this effort and related research 
may seem remote to Investigating! specific prob¬ 
lems In office buildings, they may provide the 
basis for better guidelines for evaluating Indoor 
air quality and for necessary corrective steps. At 
the same time, improved methods of assessment 
are needed to evaluate specific types of problems. 
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niOSM is currently developing better methods for 
assessing indexer air quality (c.g.. microorganism 
levels, ventilation parameters, etc). Other groups 
are working! on methods for other types of as¬ 
sessments Meanwhile.we will continue to evaluate 
Indoor air quality problems and. hopefully, con¬ 
tinue to Improve our efforts In these assessments. 
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